US 20140297002A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2014/0297002 A1l

Ji 43) Pub. Date: Oct. 2,2014
(54) SYSTEM AND METHOD FOR Publication Classification
IMPLEMENTING MODEL PREDICTIVE
CONTROL IN PLC (1) Int. Cl.
GO05B 13/04 (2006.01)
(71)  Applicant: Kun Ji, Plainsboro, NJ (US) (52) US.CL
CPC ..ot GO05B 13/048 (2013.01)
(72) Inventor: Kun Ji, Plainsboro, NJ (US) USPC 700/30
57 ABSTRACT
(73) Assignee: SIEMENS CORPORATION, Iselin, NJ A Model Predictive Cont.rol (MPC) frame;work is imple-
(US) mented as part of the run-time system function fea‘Fures ofa
Programmable Logic Controller (PLC) system. Optimal con-
trol calculations are performed in the run-time MPC function
(21) Appl. No.: 13/855,178 block of the PL.C. The optimal control function is determined
by an MPC block in an engineering tool of the PLC, using a
system dynamic matrix containing measurements from a unit
(22) Filed: Apr. 2,2013 step response test performed by the PL.C.
500 530
N

New PLC Engineering Tool

Traditional PLC Engineering

MNew MPC Engineering Tool

Tool Ve 534
Lnit Step Fesponss
Test Ve 536
N
538
510 512
b \

PLC System (Controller + 1/QO)

S

MPC {Model)

User Control
Program

—

PLC System
Functions

550

\

Controlled Process




Patent Application Publication Oct. 2,2014 Sheet1of 6 US 2014/0297002 A1

=y
(o]

110
\
0% PLO
120 - System Contrel Contredlor
N Funntions
PLL User Program * s P

Network
¥
YR i) LrE
P },rggﬁ.u? . M L PLe Lgsip\a xonn
132 Module | Basipeerine Menfule N
EREsToR1} & 23 -
Tt 134

N 5

136 138 k4
Sersar N 152 154 4 Atmatey

T }

{Controliod Procsss fo.g maching)

fee

Fig. 1

(prior art)



Patent Application Publication

Oct. 2,2014 Sheet2 of 6 US 2014/0297002 A1

PLC
Controller

K ket ke kep
(prior art)
310
\
0OS (e.g. VxWorks) 392
\
PLC System Control Functions
320 PID
\ Ve 323
PLC User Program N
(Use PID or MPC) b
MPC
(eg.DMC) |/ 3%

Fig. 3



Patent Application Publication Oct. 2,2014 Sheet3 of 6 US 2014/0297002 A1

Process Qutput
A 400

v

Time

Fig. 4



Patent Application Publication Oct. 2,2014 Sheet4 of 6 US 2014/0297002 A1
500 530
\

New PLC Engineering Tool

Traditional PLC Engineering

New MPC Engineering Tool

Tool Ve 534
Unit Step Responss
Test e 536
N
538
510 512
b \
PLC System (Controller + I/O) N
MPC (Modeal)
User Control PLC System
Program Functions

G

550
\

Controlled Process

F

g5



Patent Application Publication Oct. 2,2014 SheetSof 6 US 2014/0297002 A1

600
610 _— 62 -~ 632
PLC PLC SYSTEM CONTROLLED
ENGINEERING (with MPC PROCESS
TOOL FUNCTION (PLANT
(with MPC) BLOCK EQUIPMENT)
RECEIVE MPC 1
CONFIGURATION -~ ©°
PARAMETERS

652
request unit response test \

perform unit response test
] el

TEST RESULTS: time series
of response measurements \&
S 653
CONSTRUCT 654
SYSTEM DYNAMIC |~ 655
MATRIX Ag, A
| |
PROGRAM
CONTROL LOGIC
USING L~ 696
TRADITIONAL PLC
ENGRG TOOL Transmit optimal
control equation and control logic
S
657 USE MPC SYS
FUNCTION 658
603
\ BLOCK TO f
CONSTRUCT
ENGINEERING
TIME REAL-TIME
601 CONTROLLER
—_—— - TV
Control equipment using MPC
& )
602 €
RUN- S
TIME

Fig. 6 659



Patent Application Publication Oct. 2,2014 Sheet 6 of 6 US 2014/0297002 A1

710 \ 740

CONTROLLED
SYSTEM

720

762 \ L, 760

MEMORY

ENGINEERING TOOL

732
\ / 730 CPU
MEMORY \

PLC CONTROLLER 764

CPU

LY

N .
mo Fig. 7




US 2014/0297002 A1

SYSTEM AND METHOD FOR
IMPLEMENTING MODEL PREDICTIVE
CONTROL IN PLC

FIELD OF THE INVENTION

[0001] This invention relates generally to the control of
industrial processes using a programmable logic controller
(PLC). More particularly, the invention relates to methods,
systems and computer readable media for controlling indus-
trial processes using a model predictive control (MPC) frame-
work implemented in a PL.C.

BACKGROUND OF THE INVENTION

[0002] PLCs have been widely used in numerous indus-
tries. They are commonly used in the control of machinery,
such as factory assembly lines and manufacturing equipment.
Current PL.Cs, however, do not have the capability to imple-
ment advanced control methods, such as the Model Predictive
Control method, due to limited computational power and a
lack of'a framework capable of implementing MPC with that
limited computational power. That limitation has signifi-
cantly affected the application of PLCs in chemical plants, oil
refineries and similar applications.

[0003] Current PLC system design does not provide for
advanced control methods. Instead, only simple control algo-
rithms such as proportional/integral/derivative (PID) control
may be implemented as the system function to be used by the
PLC. If not impossible, it would require prohibitive engineer-
ing effort to manually implement an MPC algorithm in cur-
rent PLC platform.

SUMMARY OF THE INVENTION

[0004] The present invention addresses the needs described
above by providing a method for controlling process equip-
ment via a programmable logic controller. A processor imple-
menting a model predictive control engineering tool receives
model predictive control engineering parameters; commands
the programmable logic controller to perform a model iden-
tification operation on the process equipment; and receives,
from the programmable logic controller, results from the
model identification operation. The processor further con-
structs a system process model for the process equipment,
using the results from the model identification operation, and
constructs control logic for the process equipment. The sys-
tem process model and the control logic are then downloaded
to the programmable logic controller.

[0005] In one embodiment, the system process model is a
dynamic matrix model. The system process model may alter-
natively be a state-space representation, an autoregressive
model with external input or an autoregressive moving aver-
age model with external input.

[0006] In another aspect of the invention, a non-transitory
computer-usable medium is provided having computer read-
able instructions stored thereon for execution by a processor
to perform operations for controlling a system as described
above.

[0007] Another aspect of the invention is a model predictive
control engineering tool for programming a programmable
logic controller to implement model predictive control. The
engineering tool comprising a processor and a non-transitory
computer-usable medium having computer readable instruc-
tions stored thereon that, when executed by the processor,
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cause the processor to perform operations for controlling
process equipment via a programmable logic controller, as
described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG.1is aschematic block diagram showing a prior
art PLC framework.

[0009] FIG. 2 is a plot of a typical model predictive control
schema.
[0010] FIG. 3 is an architectural overview of a PLC con-

troller framework in accordance with one embodiment of the
invention.

[0011] FIG. 4 is aplot of results obtained in a unit step open
loop response test in accordance with one embodiment of the
invention.

[0012] FIG. 5 is an architectural overview of a PLC engi-
neering tool and controller framework in accordance with one
embodiment of the invention.

[0013] FIG. 6 is a sequence diagram of a method for con-
trolling a process in accordance with one embodiment of the
invention.

[0014] FIG. 7 is a system schematic depicting a PL.C and
engineering tool in accordance with one embodiment of the
invention.

DESCRIPTION OF THE INVENTION

[0015] The MPC-enabled PLC platform described herein
provides anew system control function block that permits an
MPC algorithm to be easily used by a PL.C user. Anassociated
engineering tool for system dynamic model identification is
integrated into the existing PL.C Engineering Tool and is used
off line to build a process dynamic model that is then used by
the MPC system control function block during run-time.
[0016] PLCs are widely used in the automation and control
industry because PLCs are adaptable, modular, and user-
friendly. However, because of the limited computational
power of the PL.C, the PL.C does not provide advanced control
algorithms such as MPC. The most popular control algorithm
provided by PLC is the PID control algorithm.

[0017] A typical PLC control system 100, including a PL.C
controller and Operating System 110, is shown in FIG. 1. A
PLC user program 120 runs on the PLC controller 110 to
implement a specific control application. The PL.C user pro-
gram 120 calls PL.C system control functions 122 during
execution.

[0018] PID control 123 is the most widely used PL.C system
control function block for industry control and automation
applications. For some control applications with more com-
plex and dynamic processes, however, more advanced control
algorithms such as MPC are needed. Due to the limited com-
putational power of a PLC, however, many of those advanced
control algorithms cannot be implemented in the PLC, and
are therefore not available as PL.C system control functions
122.

[0019] Model Predictive Control is widely used in chemi-
cal plants and oil refineries. Because no framework is avail-
able for implementing MPC using a PLC, MPC is imple-
mented using more complex and less user-friendly hardware.
That has negatively affected the adoption of PLCs in the
chemical and oil industries.

[0020] The PLC controller 110 is connected, through a
factory network 140 or other network, to PL.C input modules
132 and output modules 134, which are connected to sensors
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152 and actuators 154, respectively, in the controlled process
150. A human machine interface (HMI) 136 is provided for
the user to monitor the control process.

[0021] A PLC engineering tool 138 allows the user to con-
figure the PL.C system parameters and create the PL.C user
program 120.

[0022] Dueto the increased speed and capacity of available
CPU chips, PLC controllers now have increased computing
power. The presently described techniques utilize that
increased computing power, together with a novel implemen-
tation of the MPC algorithm in the PL.C system control func-
tions, to make MPC an available function for use in a PLC
user program.

[0023] MPC is based on an iterative, finite horizon optimi-
zation of a model of the process to be controlled. MPC is also
called “receding horizon control” because the prediction
horizon is repeatedly shifted forward. An illustration of a
discrete MPC scheme is shown in FIG. 2. At each time
instance k=1, 2, . . . , p, MPC uses several components to
calculate a series of optimum future control moves 210. The
components used in the calculation include an internal
dynamic model of the process, a history of past control moves
205 and an optimization cost function J over the receding
prediction horizon 215. Only the first of the series of control
moves is applied, after which a new series of future control
moves is calculated.

[0024] In the presently described configuration of a PL.C
controller 310, shown in FIG. 3, a new MPC system control
function block 324 is added to the PL.C system control func-
tions 322. That MPC system control function block 324 is
directly called by the PLC user program 320 to perform
model predictive control, in the same manner that the PID
function block 323 may be called to perform proportional/
integral/derivative control.

[0025] The model used by the MPC function block is cre-
ated offline by a model identification tool of the new MPC
engineering tool 534 that is integrated in a modified PL.C
engineering tool 530, as shown in FIG. 5. A preferred tech-
nique for model identification is the use of a unit step response
test to create a system dynamic matrix model of controlled
process. An MPC algorithm of that type is also called a
dynamic matrix control (DMC) algorithm.

[0026] Inan example unit step response test 400 for DMC,
shown in FIG. 4, data is sampled from the process output {a,,
a, .. ., &y ; with sampling time T. The resulting matrix is used
as the predictive model.

[0027] Using predictive models, the process output may be
predicted by setup input control increment:

Pop bt 1) =4 AUG-1)+4AU(k) 1)

where Y, (k+1)=[§,,k+11K) . . . ¥,,(k+PIk)]” is the output
vector of the predictive model in future P instants and AU(k)
=[Au(k) . . . Au(k+M-1)]7 is the unknown control increment
vector in future M instants and AU(k-1)=[Au(k-N+P . . .
Auk-1T is the known control increment vector in past N-P
instants. The system dynamic matrix is:

ay .. p+l AN-p ... D2
ay ... p+2 AN-P+1 .- O3
Ag =
ay an-1 - ap+1 lpyn-p)
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-continued
a 0 .. 0
az ap 0
A=
ap ap-1 .-+ Ap-M+1 lpypy
[0028] The system dynamic matrix describes the system

process model and can be obtained off line and stored in the
run time MPC control function block 324 of the PLC control-
ler 310 (FIG. 3). In the presently described arrangement, that
is realized by the new PLC engineering tool 530 (FIG. 5)
which integrates the MPC engineering tool 534 to perform the
unit step response test 536 and construct the system process
model. Actual system feedback output is used to readjust the
prediction value:

Pl 1)=Fpp Ut )b ()= p 0) | =AAUR)+ A AU
(k=1)+he(®) 2)

where Y o(k+1)=[§p(k+1) . . . §5(k+P)]7 is the output predic-
tive vector of the system in future P instants, where P is the
prediction horizon, e(k)=y(K)-y K =y&)-[ay_pan_p.; - - -
a,|AU(k-1) is the output error of the predictive model at the
time instant k, and h=[h, . .. h,]” is an error correction factor
array containing the correction factors of the error.
[0029] The optimization problem is then formulated as:
min Jp=[¥,(k+1)- Pkt 1)]7 O/, (k+1)-Tp(k+1)]+

AUTNUK) 3)
where Y (k+1)=[y,(k+1) . . . y,(k+P)]” is the desired output
value for future P instants, and Q=diag(q,, q;, - . - , qp) and
A=diag(h,, A, . . ., Ap) are cost weighting coefficient arrays.
[0030] The optimal control is:

AUR=(ATQ4+1) " ATQ[Y, (ke 1)~ A AU k-1)~he(k)] 4)

where Au(k) is the first row of AU(k) and adopted to constitute
the real control law to generate the actuator input u(k)=u(k-
D+Au(k).

[0031] Referring to FIG. 3, the calculations in the above
equation are implemented in the run-time MPC function
block 324, with proper parameters set through the MPC engi-
neering tool during off-line engineering set-up. The MPC
function block 324 handles the model predictive control task
in run-time and provides controller output to the actuators to
control the process.

[0032] Other MPC modeling techniques, such as a state-
space representation, an autoregressive model with external
input (ARX) or an autoregressive moving average model with
external input (ARMAX) may alternatively be implemented
in the MPC function block 324.

[0033] Operation of the PLC includes online real-time
actuation control, off-line parameter configuration, and user
programming using the PLC engineering tool. The MPC
function block described herein therefore includes two parts:
(1) a run-time part and (2) an engineering-time part.

[0034] The detailed engineering-time usage of the
described system 500 is shown in FIG. 5. The new PLC
engineering tool 530 includes a new MPC engineering tool
534 as well as the traditional PL.C engineering tool 538. The
MPC modeling method as shown in equation (1) above is
integrated into the new PLC engineering tool 530. The new
MPC engineering tool 534 provides a unit step response test
tool 536 that automatically aggregates the sampling data from
the controlled process 550 (through the PL.C system 510) and
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constructs the system dynamic matrix to be used by the PL.C
system 510 as the MPC model 512.

[0035] The key operations of the presently described sys-
tem are illustrated in an exemplary sequence chart 600 shown
in FIG. 6. The sequence chart is divided by the dashed line
601 into an engineering-time sequence 602 and a real-time
sequence 603. The exemplary embodiment shown in the chart
600 utilizes DMS as the MPC method.

[0036] The PLC engineering tool 610 corresponds to the
engineering tool 530 shown in FIG. 5. The PLC engineering
tool 610 includes both a traditional PLC engineering tool and
an MPC engineering tool capable of performing a model
discovery function such as a unit response test, and is also
capable of constructing the model used by the MPC function
block of the PLC controller.

[0037] Inpreparation for the configuration sequence 600, a
proper PLC system 624 including the controller and the I/O
hardware must be chosen, and the PLC system must be con-
nected to the controlled process 632. For example, the PLC
system must be configured to receive information from sen-
sors in the controlled process, and the PL.C system must be
configured to transmit commands to actuators in the con-
trolled process. The PLC system includes an MPC function
block as well as other control function blocks such as PID, to
be called by the PL.C user program during real-time control.

[0038] Configuration parameters for MPC are received
(block 651) by the PL.C engineering tool 610. Those configu-
ration parameters may, for example, be manually input during
the configuration process. The parameters include those used
in equations (2) and (3) above. In particular, an error correc-
tion factor h, and cost factor diagonal matrices Q and A are
among the received parameters.

[0039] The unit step test is then performed. This process
may be fully or partially automated by the PLC engineering
tool 610, which may communicate a request 652 to perform a
unit response test to the PL.C controller 624. The request 652
may be a single command or may be a series of incremental
commands transmitted as the unit response test is performed.
The unit response test is then performed (arrows 653) by
providing test process inputs to the controlled process 632
and by measuring open loop process responses over a series
of unit time increments.

[0040] Data from the unit response test is transmitted (ar-
row 654) to the PL.C engineering tool 610 where a system
dynamic matrix is constructed and saved (block 655) as the
process model. The traditional PLC engineering function
block ofthe PLC engineering tool 610 is then used to program
control logic (block 656), and the control logic, together with
the optimal control equation, are downloaded from the engi-
neering tool 610 to the PLC system 624, as shown by arrow
657. The MPC system function block is then used to construct
(block 658) the real time controller in the PLC system 624.
[0041] During run-time, the process 632 is controlled (ar-
rows 659) using the PLC system with the MPC system func-
tion block 624. The new MPC function block 324 (FIG. 3) can
be used the same way as the PID function block 323. Process
value prediction and the optimal control calculation are done
within the new MPC function block, and the output from that
function block is the optimized control for the controlled
process.

[0042] The elements of the methodology as described
above use an industrial control system that may he imple-
mented as a computer system comprising a single unit or a
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plurality of units linked by a network or a bus. An exemplary
system 700 is shown in FIG. 7.

[0043] A PLC engineering tool 760 may reside on a data
processing device such as a dedicated industrial controller, a
mainframe computer, a desktop or laptop computer or any
other device capable of processing data and communicating
with other devices directly or through a local area data net-
work (LAN) 720. The PLC engineering tool 760 receives data
from any number of data sources that may be connected to the
engineering tool, directly or through the LAN 720. The engi-
neering tool 760 is connected for communication with the
PLC controller 730 either directly, through the LAN 720 or
through another network.

[0044] The PLC engineering tool 760 includes a central
processing unit (CPU) 764 and a memory 762. The engineer-
ing tool 760 can be configured to operate and display infor-
mation by using, e.g., the HMI input and output devices 750
to execute certain tasks.

[0045] The CPU 764, when configured using software
according to the present disclosure, includes modules that are
configured to perform one or more methods for configuring a
PLC controller as discussed herein.

[0046] The memory 762 may include a random access
memory (RAM) and a read-only memory (ROM). The
memory may also include removable media such as a disk
drive, tape drive, memory card, etc., or a combination thereof.
The RAM functions as a data memory that stores data used
during execution of programs in the CPU 764; the RAM is
also used as a work area. The ROM functions as a program
memory for storing a program executed in the CPU 764. The
program may reside on the ROM or on any other tangible or
non-volatile computer-usable media, such as computer read-
able media 740, as computer readable instructions stored
thereon for execution by the CPU or another processor to
perform the methods of the invention. The ROM may also
contain data for use by the program or other programs.
[0047] The PLC controller 730 may also reside on a data
processing device such as a dedicated industrial controller, a
mainframe computer, a desktop or laptop computer or any
other device capable of processing data and communicating
with other devices directly or through a local area data net-
work (LAN) 720. The PL.C controller 730 includes a CPU 734
and amemory 732. The PLC controller 730 may include input
and output devices (not shown) permitting a user to interact
with the CPU 734. The PLC controller 730 is configured by
the engineering tool 760 to construct a real-time controller
including MPC for controlling a system 710. Input and output
modules (see FIG. 1) of the PLC controller communicate with
components of the controlled system 710 either directly or
through the LAN 720 or through a wide area network such as
the Internet.

[0048] The above-described method may be implemented
by program modules that are executed by a computer, as
described above. Generally, program modules include rou-
tines, objects, components, data structures and the like that
perform particular tasks or implement particular abstract data
types. The term “program” as used herein may connote a
single program module or multiple program modules acting
in concert. The disclosure may be implemented on a variety of
types of computers, including personal computers (PCs),
hand-held devices, multi-processor systems, microprocessor-
based programmable consumer electronics, network PCs,
mini-computers, mainframe computers and the like. The dis-
closure may also be employed in distributed computing envi-
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ronments, where tasks are performed by remote processing
devices that are linked through a communications network. In
a distributed computing environment, modules may be
located in both local and remote memory storage devices.
[0049] An exemplary processing module for implementing
the methodology above may be hardwired or stored in a
separate memory that is read into a main memory of a pro-
cessor or a plurality of processors from a computer readable
medium such as a ROM or other type of hard magnetic drive,
optical storage, tape or flash memory. In the case of a program
stored in a memory media, execution of sequences of instruc-
tions in the module causes the processor to perform the pro-
cess steps described herein. The embodiments of the present
disclosure are not limited to any specific combination of
hardware and software and the computer program code
required to implement the foregoing can be developed by a
person of ordinary skill in the art.
[0050] The term “computer-readable medium” as
employed herein refers to any tangible machine-encoded
medium that provides or participates in providing instruc-
tions to one or more processors. For example, a computer-
readable medium may be one or more optical or magnetic
memory disks, flash drives and cards, a read-only memory or
a random access memory such as a DRAM, which typically
constitutes the main memory. Such media excludes propa-
gated signals, which are not tangible. Cached information is
considered to be stored on a computer-readable medium.
Common expedients of computer-readable media are well-
known in the art and need not be described in further detail
here.
[0051] In sum, the proposed framework provides an inno-
vative solution for implementing an MPC algorithm ona PL.C
platform to fully utilize the PLC CPU computational power.
A new MPC function block is added to the existing PL.C
system functions to be easily used to execute a model predic-
tive control algorithm. The additional engineering tool
required by the MPC function block to generate the con-
trolled process dynamic model is also integrated into the
existing PL.C engineering tool.
[0052] The forgoing detailed description is to be under-
stood as being in every respect illustrative and exemplary, but
not restrictive, and the scope of the disclosure herein is not to
be determined from the description, but rather from the
claims as interpreted according to the full breadth permitted
by the patent laws. It is to be understood that various modi-
fications will be implemented by those skilled in the art,
without departing from the scope and spirit of the disclosure.
What is claimed is:
1. A method for controlling process equipment via a pro-
grammable logic controller, comprising:
by a processor implementing a model predictive control
engineering tool, receiving model predictive control
engineering parameters;
by the processor, commanding the programmable logic
controller to perform a model identification operation on
the process equipment;
by the processor, receiving, from the programmable logic
controller, results from the model identification opera-
tion;
by the processor, constructing a system process model for
the process equipment, using the results from the model
identification operation;
by the processor, constructing a control logic for the pro-
cess equipment; and
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downloading the system process model and the control

logic to the programmable logic controller.

2. A method as in claim 1, wherein the model predictive
control engineering parameters comprise: an error correction
factor array, a prediction horizon and a cost weighting coef-
ficient array.

3. A method as in claim 1, wherein the system process
model is a dynamic matrix model.

4. A method as in claim 3, wherein the model identification
operation comprises a unit step open loop response test.

5. A method as in claim 4, wherein the unit step open loop
response test comprises:

transmitting a control command to the process equipment

via the programmable logic controller; and

receiving by the programmable logic controller a series of

response measurements from the process equipment.

6. A method as in claim 5, wherein the transmitting is
through an output module of the programmable logic control-
ler and the receiving is through an input module of the pro-
grammable logic controller.

7. A method as in claim 3, wherein the system process
model implements the following:

AUR=(ATQA+N) " ATQ[Y, (k1) - A AUk-1)-he(k)]

where AU(k) is an unknown control increment vector, A and
A, comprise the system dynamic matrix, Q and A are cost
weighting coefficients, Y, (k+1) is a desired output for a future
P instants, AU(k-1) is a known control increment vector, h is
an error correction factor and e(k) is an output error of the
model] at time k.

8. A method as in claim 1, wherein the system process
model is a model selected from the group consisting of a
state-space representation, an autoregressive model with
external input and an autoregressive moving average model
with external input.

9. A method as in claim 1, wherein the model predictive
control engineering tool and the programmable logic control
engineering tool comprise a tool suite with a single human-
machine interface.

10. A non-transitory computer-usable medium having
computer readable instructions stored thereon that, when
executed by a processor, cause the processor to perform
operations for controlling process equipment via a program-
mable logic controller, the operations comprising:

receiving model predictive control engineering param-

eters;

commanding the programmable logic controller to per-

form a model identification operation on the process
equipment;

receiving, from the programmable logic controller, results

from the model identification operation;

constructing a system process model for the process equip-

ment, using the results from the model identification
operation;

constructing a control logic for the process equipment; and

downloading the system process model and the control

logic to the programmable logic controller.

11. A non-transitory computer-usable medium as in claim
10, wherein the model predictive control engineering param-
eters comprise: an error correction factor array, a prediction
horizon and a cost weighting coefficient array.

12. A non-transitory computer-usable medium as in claim
10, wherein the system process model is a dynamic matrix
model.
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13. A non-transitory computer-usable medium as in claim
12, wherein the model identification operation comprises a
unit step open loop response test.

14. A non-transitory computer-usable medium as in claim
13, wherein the unit step open loop response test comprises:

transmitting a control command to the process equipment

via the programmable logic controller; and

receiving by the programmable logic controller a series of

response measurements from the process equipment.

15. A non-transitory computer-usable medium as in claim
14, wherein the transmitting is through an output module of
the programmable logic controller and the receiving is
through an input module of the programmable logic control-
ler.

16. A non-transitory computer-usable medium as in claim
12, wherein the system process model implements the fol-
lowing:

AUR)=(ATQA+N) " ATQ[Y, (1)~ A AU k- 1)-he (k)]

where AU(k) is an unknown control increment vector, A and
A, comprise the system dynamic matrix, Q and A are cost
weighting coefficients, Y, (k+1) is a desired output for a future
P instants, AU(k-1) is a known control increment vector, h is
an error correction factor and e(k) is an output error of the
model at time k.

17. A non-transitory computer-usable medium 10, wherein
the system process model is a model selected from the group
consisting of a state-space representation, an autoregressive
model with external input and an autoregressive moving aver-
age model with external input.
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18. A non-transitory computer-usable medium 10, wherein
the model predictive control engineering tool and the pro-
grammable logic control engineering tool comprise a tool
suite with a single human-machine interface.

19. A model predictive control engineering tool for pro-
gramming a programmable logic controller to implement
model predictive control, the engineering tool comprising a
processor and a non-transitory computer-usable medium hav-
ing computer readable instructions stored thereon that, when
executed by the processor, cause the processor to perform
operations for controlling process equipment via a program-
mable logic controller, the operations comprising:

receiving model predictive control engineering param-

eters;

commanding the programmable logic controller to per-

form a model identification operation on the process
equipment;

receiving, from the programmable logic controller, results

from the model identification operation;

constructing a system process model for the process equip-

ment, using the results from the model identification
operation;

constructing a control logic for the process equipment; and

downloading the system process model and the control

logic to the programmable logic controller.

20. A model predictive control engineering tool as in claim
19, wherein the system process model is a dynamic matrix
model.



